Neuronal development and plasticity are maintained by tightly regulated gene expression programs. Here, we report that the developmentally regulated microRNA miR-375 affects dendrite formation and maintenance. miR-375 overexpression in mouse hippocampus potently reduced dendrite density. We identified the predominantly neuronal RNA-binding protein HuD as a key effector of miR-375 influence on dendrite maintenance. Heterologous reporter analysis verified that miR-375 repressed HuD expression through a specific, evolutionarily conserved site on the HuD 3 untranslated region. miR-375 overexpression lowered both HuD mRNA stability and translation and recapitulated the effects of HuD silencing, which reduced the levels of target proteins with key functions in neuronal signaling and cytoskeleton organization (N-cadherin, PSD-95, RhoA, NCAM1, and integrin ␣1). Moreover, the increase in neurite outgrowth after brain-derived neurotrophic factor (BDNF) treatment was diminished by miR-375 overexpression; this effect was rescued by reexpression of miR-375-refractory HuD. Our findings indicate that miR-375 modulates neuronal HuD expression and function, in turn affecting dendrite abundance.
Posttranscriptional processes implicating mRNA transport, stability, and translation critically affect mammalian gene expression patterns and cell fate. These events are governed by two main types of mRNA-interacting factors, microRNAs (miRNAs) and RNA-binding proteins (RBPs). MicroRNAs are small, noncoding RNAs that associate with the RNA-induced silencing complex (RISC) and bind target mRNAs with partial complementarity, typically causing gene repression by lowering mRNA translation, stability, or both processes (12) . MicroRNAs are involved in numerous physiological and pathological processes, including development, cell proliferation, apoptosis, energy metabolism, immune response, and tumorigenesis (10, 29, 45) .
During embryonic development, the temporal expression of microRNAs critically influences differentiation of cell types in an organism. While ablation of specific microRNAs often does not lead to the total loss of proper development, it can cause measurable abnormalities (40) . The abundance of microRNAs, their tissue distribution, and the developmental stages in which they are expressed impact dynamically upon the expression of target gene products. The evolutionarily conserved microRNA miR-375 was found to be expressed in many tissues, including the gastrointestinal system, and played an essential role in pancreatic islet development (28) . miR-375 was shown to regulate the expression levels of 3Ј-phosphoinositidedependent protein kinase 1 (PDK1), a key molecule involved in phosphatidylinositol 3-kinase (PI 3-kinase) signaling in pancreatic ␤ cells (20) . It was essential for normal glucose homeostasis, for maintaining ␣-and ␤-cell populations, and for the expansion of ␤-cells in response to increased insulin demand (42) .
Here, we show that miR-375 expression was specifically repressed during the late stages of neuronal development. This finding led us to discover that miR-375 impaired dendrite formation and maintenance. We identified the RBP HuD, a member of the embryonic-lethal abnormal vision (elav)/Hu protein family, as a major effector of miR-375 on neurite outgrowth and dendritic maintenance. Like other elav/Hu members, including the ubiquitous HuR and the preferentially neuronal HuB and HuC (26) , HuD contains three RNA recognition motifs (RRMs) through which it binds to mRNAs bearing U-rich and C-rich elements in their 3Ј untranslated regions (UTRs) (16) . Among the HuD target mRNAs are those that encode GAP- 43, p21 Waf1 , acetylcholinesterase (AchE), and numerous other recently identified targets (16, 18, 19, 37) . Through its association with target mRNAs, which generally enhances their half-lives, HuD was found to modulate neuronal differentiation, identity, and function (4, 7, 8, 39, 48) . HuD is highly expressed in neuroblastomas and is associated with Parkinson's and Alzheimer's diseases (5, 9, 36) , suggesting that alterations in HuD levels may affect genes implicated in these pathologies. However, the mechanisms that regulate HuD expression are largely unknown.
We report that miR-375 potently suppresses HuD expression, both by destabilizing HuD mRNA and by repressing HuD translation. These effects required the interaction of miR-375 with the HuD 3Ј UTR and implicated the RISC. HuD downregulation, in turn, lowered the HuD target genes implicated in neuronal development and function and suppressed neurite outgrowth upon brain-derived neurotrophic factor (BDNF) treatment. We propose that miR-375 impairs neuronal function by potently repressing HuD levels, and hence HuD function, in gene regulation and neuronal differentiation, regeneration, and plasticity.
RESULTS

Ectopic overexpression of miR-375 reduces dendrite density.
Analysis of miR-375 abundance in several adult mouse tissues by RT-qPCR revealed high expression of the microRNA in spleen, heart, and skeletal muscle; relatively lower expression in fat tissue; and the lowest levels of miR-375 in the brain (Fig.  1A) , in addition to the reported strong epithelial presence (31) . Measurement of miR-375 levels in mouse embryos (embryonic day 13 [E13]) revealed high miR-375 abundance in the telencephalon and dramatically lower expression in adult cortex (Fig. 1B) . To investigate the significance of the robust decline in miR-375 levels during development, we used a green fluorescent protein (GFP)-expressing lentiviral vector that also expressed miR-375 (Lenti-GFP-miR-375). Injection of the control vector Lenti-GFP into the mouse hippocampus re- vealed many green neurons (infected cells) with a high density of dendrites (Fig. 1C) . In contrast, injection of Lenti-GFPmiR-375 led to infection of a comparable number of neurons, but the abundance of dendrites was greatly reduced (Fig. 1D) ,
as was the extent of the cytoskeleton, as evidenced by staining with rhodamine-phalloidin, which interacts with F-actin. miR-375 is predicted to target HuD mRNA. Using several microRNA analysis programs (e.g., TargetScan and miRBase), The levels of miR-375 in the mouse tissues shown were quantified by RT-qPCR analysis and normalized to the levels of U1 (also measured by RT-qPCR). (B) miR-375 abundance in embryonic telencephalon and in adult cortex were measured by RT-qPCR analysis and normalized to the levels of U6 (also measured by RT-qPCR). The error bars indicate standard deviations. (C) Lenti-GFP (control) or Lenti-GFP-miR-375 was injected into mouse hippocampus (dentate gyrus); 4 weeks later, tissue sections were prepared for analysis by confocal microscopy. DAPI (4Ј,6-diamidino-2-phenylindole), staining of nuclei; GFP, infected cells in a given plane of microscopy. (D) Rhodaminephalloidin was used to stain the actin cytoskeleton in cells that were infected and processed as explained in the legend to panel C. on May 3, 2016 by guest http://mcb.asm.org/ the highly conserved miR-375 was found to target numerous mammalian mRNAs, as determined through approaches previously reported for other miRNAs (2) . One of these targets, encoding the primarily neuronal RNA-binding protein HuD, was chosen for further study ( Fig. 2A) . Despite the divergence between the human and rodent HuD 3Ј UTRs (ϳ25% conservation between human and rat or mouse), the miR-375 site was extremely well conserved, particularly in the "seed" region (100% conserved), which is critical for microRNA function. By 48 h after transfection of a mimic of miR-375 RNA to overexpress miR-375 in human neuroblastoma BE(2)-M17 and SH-SY5Y cells, mouse Neuro2 cells, and rat PC12 cells (as monitored by RT-qPCR analysis), HuD abundance was markedly reduced (Fig. 2B ), suggesting that HuD was a bona fide target of miR-375. Overexpression of microRNAs that were also predicted to target HuD (miR-21 or miR141) did not affect HuD levels (not shown), indicating that this effect was specific for miR-375. At the target site on the HuD mRNA, the single-nucleotide substitution in mouse and rat, located 8 bases away from the seed region (G in human, U in mouse and rat), did not affect the repressive influence of miR-375 on HuD expression in mouse Neuro2a or rat PC12 cells (Fig. 2B) . Similarly, injection of BE (2)-M17 cells with Lenti-GFP-miR-375 reduced the abundance of HuD ( Fig. 2C to E). Together, these data indicate that miR-375 suppresses HuD protein expression in different species. Tissue microarrays revealed that HuD was expressed in neuronal tissues, in agreement with previous reports examining its tissue distribution (23), but it was also detected in several other tissues, such as testis, pituitary gland, and lung; it was not detected in numerous other tissues, such as heart, liver, or skeletal muscle (Fig. 3A) . These findings were confirmed by Western blot analysis of HuD and by RT-qPCR detection of HuD mRNA in mouse tissues, although moderate HuD signals were seen in mouse liver (Fig. 3B) ; in contrast, the ubiquitous RBP HuR was detected in all of the tissues ( Fig. 3B) (34) . HuD was detected throughout the mouse brain (Fig. 3C) ; it migrates with sizes ranging between 37 and 43 kDa, as a result of alternative splicing. Not unexpectedly, miR-375 was highly expressed in tissues such as liver, heart, and muscle ( Fig. 1A ) but was lower in the brain, while the opposite was true for HuD mRNA and protein (Fig. 3B) . Moreover, HuD expression was low in early stages of the developing rat brain, increased markedly by E16, declined by birth, and remained low in the adult (25); miR-375 displayed an opposite expression pattern during embryogenesis, showing strong expression in early embryonic telencephalon and declining by E16 (Fig. 3D ). These findings suggested that HuD levels correlated inversely with miR-375 abundance during embryonic neuronal development.
HuD mRNA is a direct target of miR-375 via RISC. Next, we investigated if miR-375 directly regulates HuD expression by interacting with the predicted site within the HuD 3Ј UTR. We generated constructs that expressed the heterologous reporter protein GFP alone (pGFP) or expressed GFP encoded by chimeric mRNAs bearing the intact miR-375 target site [pGFP-HuD] or the miR-375 site with 3 mutated seed region nucleotides, to disrupt the interaction with miR-375 [pGFPHuD(mut)] (Fig. 4A) . By 48 h after transfection of BE(2)-M17 cells with pGFP, GFP signals were strong and were unaffected by miR-375 overexpression (Fig. 4B ). While cells transfected with pGFP-HuD also expressed high levels of GFP, miR-375 overexpression strongly reduced GFP abundance (Fig. 4B) . Overexpression of miR-375 lowered the levels of the GFP reporter specifically through the HuD miR-375 site, since GFP expressed in the pGFP-HuD(mut) transfection group was refractory to miR-375 overexpression (Fig. 4B) . The pattern of GFP abundance was reflected in the GFP fluorescence of the transfected cultures, as GFP-positive cells were detected in all plasmid groups under control conditions (Fig. 4C , Ctrl siRNA), were selectively reduced after miR-375 overexpression in the pGFP-HuD group, and remained elevated in the other two plasmid transfection groups. These results support the view that miR-375 selectively represses GFP expression through the HuD miR-375 site.
We sought to discover if miR-375 acted primarily by lowering HuD mRNA levels or HuD translation. As shown in Fig.  4D , miR-375 overexpression in BE(2)-M17 cells potently reduced the levels of GFP-HuD mRNA, while GFP and GFPHuD(mut) mRNAs were refractory to this intervention (Fig.  4D) . HuD mRNA levels were also reduced by miR-375 overexpression (Fig. 4E) . To study whether miR-375 elicited these actions by recruiting the HuD mRNA to the RISC, miR-375 was overexpressed in BE(2)-M17 cells that had been transfected with vectors to express Argonaute (Ago) proteins, critical components of the RISC, as hemagglutinin (HA)-tagged Ago1 or Ago2. Following immunoprecipitation (IP) of ribonucleoprotein (RNP) complexes using HA-coated beads, RNA was isolated from the IP materials and used to measure the enrichment of HuD mRNA in HA-Ago IP samples. As shown in Fig. 4F , HuD mRNA was highly enriched in the HA-Ago2 IP samples after miR-375 overexpression, in keeping with the reported role of Ago2 in mRNA degradation (35) . To determine if miR-375 generally induces mRNA decay of predicted target mRNAs, we tested its effects upon other putative targets; miR-375 overexpression lowered HuD and RASD1 mRNAs, but not HNF1B or PTPN4 mRNAs (not shown), suggesting that miR-375 promotes the destabilization of only a subset of target mRNAs. Together, these findings indicate that miR-375 promotes the recruitment of HuD mRNA to Ago2/ RISC and suggest that Ago2 mediates the repression of HuD by miR-375.
TargetScan, with the seed region nucleotides marked by white rectangles. (Bottom) Conservation among several species of the miR-375 sequence and the interaction site on the HuD 3Ј UTR. (B) Forty-eight hours after transfection of the indicated cell lines (human and rodent) with either control (Ctrl) siRNA or miR-375 mimic, the levels of mature miR-375 were measured using RT-qPCR and normalized to U1 snRNA. The levels of HuD and loading control ␤-tubulin were assessed by Western blot analysis. The error bars indicate standard deviations. (C to E) BE(2)-M17 cells were infected with Lenti-GFP or Lenti-GFP-miR-375; 5 days later, green fluorescence was examined (C), the levels of miR-375 were assessed by RT-qPCR analysis (D), and the abundance of HuD protein was assessed by Western blot analysis (E). miR-375 suppresses HuD mRNA stability and translation. We further investigated if miR-375 reduces HuD mRNA stability, suppresses translation, or elicits both effects. Twentyfour hours after transfection of BE(2)-M17 cells with control (Ctrl) siRNA or the miR-375 mimic, the cells were treated with actinomycin D, and the half-life of HuD mRNA was measured. HuD mRNA was very stable in untreated cells (Ctrl siRNA group), but its half-life was potently reduced (ϳ4 h) after miR-375 overexpression; in contrast, the half-life of the housekeeping GAPDH mRNA was not influenced by miR-375 overexpression (Fig. 5A) . As miRNAs can also suppress mRNA translation, we assayed HuD translation by using two different methodologies. First, we quantified the fraction of HuD mRNA associated with the translational machinery in each transfection group. Cytoplasmic extracts from the Ctrl siRNA and ectopic miR-375 overexpression groups were fractionated on sucrose gradients, and the relative abundance of HuD mRNA in each fraction was used to measure the association of RNA was then isolated; subjected to RT-qPCR analysis to measure the levels of HuD mRNA, GAPDH mRNA (encoding a housekeeping protein), and 18S rRNA (for normalization); and plotted on a semilogarithmic scale. mRNA half-lives were calculated as the times needed for each mRNA to reach one-half of its abundance at time zero. The error bars indicate standard deviations. (B) Lysates prepared from cells that were transfected as described in the legend to panel A were fractionated through sucrose gradients (top), and the relative distributions (percent) of HuD mRNA (left) and housekeeping GAPDH mRNA (right) were studied by RT-qPCR analysis of RNA in each of 10 gradient fractions. The arrows indicate the direction of sedimentation; fraction 1 had no ribosomal components. 40S and 60S, small and large ribosome subunits, respectively; 80S, monosome; LMW and HMW, low-and high-molecular-weight polysomes, respectively. The data are representative of 3 independent experiments. HuD is an effector of miR-375 function. Given that HuD is potently repressed by miR-375, we hypothesized that inhibiting HuD might help to implement the phenotype of miR-375 overexpression (Fig. 1) . To study this possibility, we first examined the targets of HuD in BE(2)-M17 cells. RNP IP followed by microarray analysis of associated mRNAs revealed numerous HuD target transcripts. Figure 6A lists the major HuD-associated mRNAs encoding proteins with functions in neuronal physiology, including those that participate in neuronal excitability (the K ϩ channel subunit KCNQ2), neurite outgrowth (N-cadherin, NCAM1, and ␤1-integrin), signaling (Rab10), cytoskeletal organization (RhoA), and survival (Bcl-2), as determined by Ingenuity analysis. These interactions were individually validated by RNP IP analysis of HuD, followed by single-mRNA detection of the target transcripts identified on the arrays (Fig. 6B) . HuD appeared to have a broad stabilizing influence upon these mRNAs, as silencing HuD using siRNA lowered the abundance of most target mRNAs (Fig. 6C and  D) . It was previously reported that HuD stabilized GAP-43 mRNA, a target transcript (46) , although GAP-43 mRNA was not identified in our analysis. Importantly, the influence of HuD silencing on target mRNA levels closely mimicked the effect of miR-375-mediated reduction upon the same target mRNAs (e.g., KCNQ2, NCAM, PSD-95, Casp3, RHOA, and Bcl-2 mRNAs), as well as the levels of a small set of encoded proteins ( Fig. 6C and D) . Lowering HuD or increasing miR-375 did not affect the steady-state levels of other HuD target mRNAs (e.g., N-cadherin, PARP1, LEPROTL1, ITGB1, and ITGA1 mRNAs); the specific influence of HuD upon these targets awaits further analysis. The altered gene expression patterns elicited by silencing HuD or overexpressing miR-375 were accompanied by profound physiological changes. BE(2)-M17 cells proliferated more slowly, as assessed by direct cell counting 48 h after the transfections, when there was no appreciable cell toxicity (Fig. 6E) . Taken together, these findings strongly support the notion that HuD is a major effector of changes in the expression of genes with pivotal roles in neuronal morphology and function.
Impacts of miR-375 and HuD on neuronal function and dendrite morphology. By 4 weeks after injection of Lenti-GFPmiR-375 into adult mouse hippocampus, there was a marked decrease in the density of dendrites in infected dentate granule neurons (Fig. 1B) , accompanied by reduction in the levels of HuD (Fig. 7A) and RhoA (not shown) in the infected neurons. These findings are significant because the RhoA mRNA is a prominent HuD target mRNA (Fig. 6A and B) , since its levels declined after HuD silencing or miR-375 overexpression in BE(2)-M17 cells (Fig. 6C) , and because RhoA plays a pivotal role in cytoskeletal organization and signal transduction.
Finally, to study whether miR-375-regulated HuD was implicated in de novo neurite outgrowth, BE(2)-M17 cells that had been transfected for 48 h with Ctrl siRNA or miR-375 were cultured for 3 additional days in the presence of brainderived neurotrophic factor (BDNF). BDNF treatment promoted the sprouting of new neurites (Fig. 7B) , as detected by staining using rhodamine-phalloidin, which binds F-actin specifically. Silencing HuD (Fig. 7B, c and d) or overexpressing miR-375 (Fig. 7B, e and f) each diminished the appearance of neurites after BDNF treatment. Overexpression of HuD using a plasmid vector that contains only the HuD coding region with an N-terminal c-myc tag (a gift from N. I. Perrone-Bizzozero) (Fig. 7C) induced neurite outgrowth, particularly after BDNF treatment (Fig. 7B, g and h) . Importantly, as HuD was overexpressed from an ectopic mRNA that lacked 3Ј UTR sequences, miR-375 coexpression in these cells did not abolish the outgrowth of neurites (Fig. 7B, i and j) . These results showed that a miR-375-refractory HuD could rescue the repression of neurite outgrowth by miR-375 and that the inhibition of de novo neurite formation (Fig. 7B, e and f) required the HuD 3Ј UTR. Taken together, our findings indicate that HuD promotes neurite outgrowth in the presence of BDNF and that miR-375 inhibits this effect.
DISCUSSION
Posttranscriptional regulation of gene expression is increasingly recognized as an important general mechanism by which the function and morphological plasticity of dendrites, axons, and synapses are controlled locally in response to various environmental signals (44, 49) . Our findings reveal pivotal roles for miR-375 and HuD, two different molecules that bind mRNAs encoding neuron-specific proteins, in the regulation of neurite outgrowth and differentiation in cultured neuronal cells and hippocampal granule neurons in vivo. There is an inverse relationship between the levels of expression of miR-375 and HuD during mouse brain development: the levels of miR-375 are highest in early embryos and decrease by E16, whereas HuD levels are low in early embryos and increase markedly by E16, when neurogenesis peaks (Fig. 1B) . We showed that by binding to the HuD 3Ј UTR, miR-375 impedes the translation of HuD, thereby suppressing the expression of multiple HuD target mRNAs that encode neuron-specific proteins. By acting in an antagonistic manner to regulate the stability and translation of proteins involved in neurite growth and in the stability of dendrites and synapses, miR-375 and HuD may control the formation, maintenance, and plasticity of neuronal circuits in the mammalian brain. Consistent with such roles for miR-375 and HuD, we found that overexpression of miR-375 or silencing of HuD abolished the ability of BDNF to stimulate neurite growth. In mature neurons, BDNF is critical for maintaining neuronal plasticity and neuronal outgrowth, but BDNF also has many developmental roles, including neuronal differentiation (17, 24, 27, 32, 33) . We found that miR-375 disrupts BDNF-mediated neurite outgrowth in neuroblastoma cells (Fig. 7B) , indicating that miR-375 and HuD can interact at the posttranscriptional level with BDNF signaling pathways that control neuronal morphology and function. Therefore, we propose that miR-375 inhibits premature neuronal differentiation and might help to maintain a proliferative phenotype of embryonic neural stem cells and progenitors. Our findings suggest that in differentiated neurons, low miR-375 abundance is critical for maintaining elevated HuD levels. In turn, HuD helps to keep a constitutive density of neurites in mouse hippocampus and to elicit de novo neurite outgrowth after BDNF treatment of cultured cells. miR-375 interacts with a specific HuD 3Ј UTR site that was strikingly well conserved among rodent and human genes, despite the generally poor conservation of the 3Ј UTRs. miR-375 lowered both HuD mRNA stability and translation; the resulting diminution of HuD levels reduced the expression of critical proteins implicated in neuronal signaling, survival, and cytoskeletal organization. The inhibition of neurite outgrowth by miR-375 was rescued by HuD overexpression from an HuD mRNA that lacks the miR-375 site.
Recent en masse analysis of HuD-associated mRNAs in mouse brain revealed that many HuD targets encoded proteins with vital roles in neuronal differentiation, cytoskeletal transport, and RNA metabolism (16) , including many of the targets we identified here using human BE(2)-M17 cells. These findings fully support HuD's ability to promote neuronal development, synaptic plasticity, and nerve regeneration (reviewed in references 37 and 41). Accordingly, ectopic interventions to overexpress or downregulate HuD in cultured neuronal models revealed a role for HuD in the expression of target mRNAs and in controlling neuronal morphology (19) . HuD-null mice show deficient neurogenesis, nerve development, and motor and sensory functions (4), while HuD-overexpressing mice displayed alteration in hippocampus physiology associated with impaired learning and memory (14) .
With neuronal abnormalities arising from both elevations and reductions in HuD abundance, it is surprising that the mechanisms responsible for regulating HuD expression and function were largely unknown until now. In this regard, the discovery that miR-375 represses HuD expression provides a means to express high HuD levels in tissues with low miR-375 (e.g., brain) and low HuD levels in tissues that express miR-375 in abundance (e.g., heart and muscle). It should be noted that while HuD was previously believed to be strictly neuronal, it was detectable in other tissues, like testis, pituitary gland, and lung ( Fig. 3A and B) , suggesting that HuD could have functions in cells other than neurons. As individual-and species-specific variations appear to exist, a deeper analysis of HuD tissue distribution is warranted. Regarding expression and function, HuD was shown to be methylated by the coactivator-associated arginine methyltransferase 1 (CARM1) on Arg 236, a modification that reduces its ability to interact with a target transcript, the p21 Waf1 mRNA (21) . HuD was also found to bind the HuD mRNA (16) , suggesting a possible self-regulatory loop akin to those shown for other RBPs, like TTP, AUF1, and HuR (11, 43, 47, 51) . In models of nerve regeneration and contextual learning, HuD abundance was found to increase, but the mechanisms responsible were not elucidated (6, 13) . In the rat, HuD protein levels were highest at ϳE16, declined perinatally, and remained low in the adult rat brain (25) , precisely the opposite of the expression pattern that was observed for miR-375 in the developing mouse telencephalon (Fig. 3D) . Thus, the finding reported here that miR-375
regulates HuD production provides a mechanism to explain the magnitude and tissue-specific abundance of HuD.
Analyzed as a group, neuronal elav/Hu proteins were shown to be phosphorylated by protein kinase C (PKC); this modification changes their distribution and interaction with GAP-43 mRNA, but the specific changes in HuD were not studied separately from the other neuronal elav/Hu proteins (38) . Interestingly, exposure of cultured SH-SY5Y to A␤ , the product of APP (amyloid precursor protein) cleavage, strongly lowered the interaction of neuronal elav/Hu proteins with ADAM10 (a disintegrin and metalloproteinase 10), an integral membrane protein that acts as an ␣-secretase and thereby promotes the nonamyloidogenic processing of APP (5) . Whether HuD specifically mediated this process and which precise mechanisms (transcriptional and/or posttranscriptional) control ADAM10 expression also remain to be investigated.
In mammalian cells, posttranscriptional gene regulation by mRNA-interacting factors is recognized as a major mechanism for determining the amount of protein expressed. Besides governing the amount and timing of the proteins expressed, mRNA-binding factors can effectively govern the location where the protein is synthesized. This feature is particularly relevant to the neuronal system, given the special morphology of neurons, where mRNAs are synthesized in the nucleus but the gene products are often required at the distal ends of dendrites and axons, far from the nucleus. The elucidation of the mechanisms that govern the transport and local translation of mRNAs in neuronal cells has become an area of intense research. Several RBPs have been implicated in neuronal mRNA transport, stability, and localized translation, including elav/Hu, AUF1, cytoplasmic polyadenylation element binding (CPEB), Musashi, zipcode-binding protein (ZBP1 and -2), K homology-type splicing regulatory protein (KSRP), NOVA-1 and -2, fragile X mental retardation protein (FMRP), and Staufen (Stau1 and -2) (reviewed by Bolognani and Perrone-Bizzozero [15] ). A growing number of microRNAs have also been implicated in neuronal differentiation, integrity, and plasticity (miR-124a and miR-133b); in the formation of synapses in postmitotic neurons (miR-134 and miR-9a); and in circadian rhythms (miR-132 and miR-219) (reviewed by Gao [22] ). In this context, maintenance of low miR-375 levels allows the expression of high levels of HuD, which can then coordinate the production of proteins that establish, restore, and maintain neuronal function. Since restoring HuD expression did not totally rescue the impairment in neuritogenesis (Fig. 7B) , miR-375 likely controls the expression of important neuronal proteins in addition to HuD. Further study of miR-375-regulated targets will be important in order to fully understand how miR-375 coordinates dendrite formation and maintenance.
In conclusion, the finding that a single microRNA regulates expression of an RBP with a pivotal function in neurons represents an effective mechanism of "amplification" of a gene expression program and highlights the richness and complexity of posttranscriptional gene regulation in the nervous system. RBPs and microRNAs are increasingly recognized as vital mediators of gene expression in neuronal cells, as they tightly regulate the timing and specific compartment in which partic-ular proteins are expressed. Additional examples of interplay between microRNAs and RBPs regulating neuronal gene expression are bound to emerge as we gain deeper understanding of the magnitude, timing, and spatial regulation of neuronal proteins expressed in response to endogenous and environmental signals.
